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ABSTRACT In 2016, an outbreak of diarrhea with high mortality in piglets occurred

on a swine farm in Hokkaido prefecture, Japan. The causative porcine deltacoronavi- Received 27 June 2017 Accepted 3 July
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ecently, the traditional three classifications in the Coronavirinae subfamily were
replaced by adding another novel genus, Deltacoronavirus, which is found in

diverse host species, including some mammalian and avian species (1-3). In a large- the Creative Commons Attribution 4.0
scale surveillance study done in Hong Kong, additional deltacoronaviruses were iden- International license.
tified in many kinds of avian species and swine (4). Then, porcine deltacoronavirus A el @ITESpeIe BN fo Tl SUEULK;

h ki@affrc.gojp.
(PDCoV) was first detected from pigs with diarrhea in Ohio, USA, in 2014, and has been Sl e

frequently identified in other states (5-8). PDCoV has also been reported in some Asian
countries, including South Korea, China, Thailand, and Laos (9-12).

In Japan, PDCoVs have often been detected in diarrheic domestic pigs at swine
farms in multiple prefectures since 2014. In September 2016, a unique case of diarrhea
caused by PDCoV occurred in one commercial swine farm (1,300 sows) in Hokkaido
prefecture. Briefly, approximately 280 piglets (mainly under 3 days old) and some sows
showed acute, watery diarrhea, and over 50 of the piglets (approximately 20% of
mortality) died within 1 week. The surviving piglets and sows recovered from the
diarrhea after 2 weeks. The causative PDCoV strain, HKD/JPN/2016, was isolated from
LLC-PK1 (ECACC, 86121112) cell lines from intestinal homogenates of the dead piglets.

RNA from the HKD/JPN/2016 isolate was reverse transcribed and PCR amplified by
using originally designed primer sets against the PDCoV genome. The amplified
genomes were sequenced using next-generation sequencing technology on an lon
PGM platform (Thermo Fisher Scientific, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The data were assembled using Torrent Suite version 5.0 based on
known complete genomes of PDCoV strains obtained in the United States, South Korea,
China, Hong Kong, Thailand, and Laos (4-12).

The nearly complete genomic sequence was found to be 25,359 nucleotides (nt) in
length, including partial unidentified regions at both the 5’ and 3’ terminals. There
were also no changes in the length of each gene, other than a 3-nt deletion in the
ORF1a/1b gene of the U.S. and South Korean PDCoV strains. Comparative sequence
analysis of the complete genome of HKD/JPN/2016 showed 97.0 to 99.6% nt diversity
to the genomes of the 49 reference strains from the United States, South Korea, China,
Hong Kong, Thailand, Laos, and Vietnam available in GenBank; the highest nt identities
were to the South Korean PDCoV strain, KNU14-04/KOR/2014. A phylogenetic dendro-
gram using complete genomes from 50 PDCoV strains indicated that the HKD/JPN/2016
isolate was closely related with PDCoV strains from the United States and Korea
detected in recent years; moreover, the isolate was divided into a branch separate from
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the KNU14-04/KOR/2014 strain. These findings suggest that the HKD/JPN/2016 isolate
was naturally derived from origins as common as the widespread PDCoVs detected in
the United States and South Korea since late 2013. In a previous study, the Thai PDCoV,
which had nt deletions and/or insertions in the genomic sequence compared to those
of other PDCoVs, exhibited high mortality (about 20%) in piglets at a commercial swine
farm (10). These data suggest the possibility that the unique genomic sequence of
HKD/JPN/2016 might be associated with the death of diarrheic piglets. A continuous
molecular characterization of novel PDCoV is essential for monitoring the genomic
dynamics of PDCoV worldwide.

deposited in GenBank under the accession no. LC260045.

REFERENCES

1.

Volume 5

Woo PC, Huang Y, Lau SK, Yuen KY. 2010. Coronavirus genomics and
bioinformatics analysis. Viruses 2:1804-1820. https://doi.org/10.3390/
v2081803.

. Dong BQ, Liu W, Fan XH, Vijaykrishna D, Tang XC, Gao F, Li LF, Li GJ,

Zhang JX, Yang LQ, Poon LL, Zhang SY, Peiris JS, Smith GJ, Chen H, Guan
Y. 2007. Detection of a novel and highly divergent coronavirus from
Asian leopard cats and Chinese ferret badgers in Southern China. J Virol
81:6920-6926. https://doi.org/10.1128/JVI.00299-07.

. Chan JF, To KK, Tse H, Jin DY, Yuen KY. 2013. Interspecies transmission

and emergence of novel viruses: lessons from bats and birds. Trends
Microbiol 21:544-555. https://doi.org/10.1016/j.tim.2013.05.005.

. Woo PCY, Lau SKP, Lam CSF, Lau CCY, Tsang AKL, Lau JHN, Bai R, Teng

JLL, Tsang CCC, Wang M, Zheng B-J, Chan K-H, Yuen K-Y. 2012. Discovery
of seven novel mammalian and avian coronaviruses in the genus Del-
tacoronavirus supports bat coronaviruses as the gene source of Alpha-
coronavirus and Betacoronavirus and avian coronavirus as the gene
source of Gammacoronavirus and Deltacoronavirus. J Virol 86:
3995-4008. https://doi.org/10.1128/JVI.06540-11.

. Marthaler D, Jiang Y, Collins J, Rossow K. 2014. Complete genome

sequence of strain SDCV/USA/Illinois121/2014, a porcine deltacoronavi-
rus from the United States. Genome Announc 2(2):e00218-14. https://
doi.org/10.1128/genomeA.00218-14.

. Marthaler D, Raymond L, Jiang Y, Collins J, Rossow K, Rovira A. 2014.

Rapid detection, complete genome sequencing, and phylogenetic anal-

Issue 34 e00795-17

Accession number(s). The complete genome of the isolate HKD/JPN/2016 has been

ysis of porcine deltacoronavirus. Emerg Infect Dis 20:1347-1350. https://
doi.org/10.3201/eid2008.140526.

. Wang L, Byrum B, Zhang Y. 2014. Detection and genetic characterization

of deltacoronavirus in pig, Ohio, USA, 2014. Emerg Infect Dis 20:
1227-1230. https://doi.org/10.3201/eid2007.140296.

. Wang L, Byrum B, Zhang Y. 2014. Porcine coronavirus HKU15 detected in

9 US states, 2014. Emerg Infect Dis 20:1594-1595. https://doi.org/10
.3201/eid2009.140756.

. Lee S, Lee C. 2014. Complete genome characterization of Korean porcine

deltacoronavirus strain KOR/KNU14-04/2014. Genome Announc 2(6):
€01191-14. https://doi.org/10.1128/genomeA.01191-14.

. Janetanakit T, Lumyai M, Bunpapong N, Boonyapisitsopa S, Chaiyawong

S, Nonthabenjawan N, Kesdaengsakonwut S, Amonsin A. 2016. Porcine
deltacoronavirus, Thailand, 2015. Emerg Infect Dis 22:757-759. https://
doi.org/10.3201/eid2204.151852.

. Dong N, Fang L, Zeng S, Sun Q, Chen H, Xiao S. 2015. Porcine delta-

coronavirus in mainland China. Emerg Infect Dis 21:2254-2255. https://
doi.org/10.3201/eid2112.150283.

. Lorsirigool A, Saeng-chuto K, Temeeyasen G, Madapong A, Tripipat T,

Wegner M, Tuntituvanont A, Intrakamhaeng M, Nilubol D. 2016. The first
detection and full-length genome sequence of porcine deltacoronavirus
isolated in Lao PDR. Arch Virol 161:2909-2911. https://doi.org/10.1007/
s00705-016-2983-8.

genomea.asm.org 2

1sanb Ag 2T0Z ‘22 1shbny uo /610 wse eawouab//:dny wody papeojumoq


https://www.ncbi.nlm.nih.gov/nuccore/LC260045
https://doi.org/10.3390/v2081803
https://doi.org/10.3390/v2081803
https://doi.org/10.1128/JVI.00299-07
https://doi.org/10.1016/j.tim.2013.05.005
https://doi.org/10.1128/JVI.06540-11
https://doi.org/10.1128/genomeA.00218-14
https://doi.org/10.1128/genomeA.00218-14
https://doi.org/10.3201/eid2008.140526
https://doi.org/10.3201/eid2008.140526
https://doi.org/10.3201/eid2007.140296
https://doi.org/10.3201/eid2009.140756
https://doi.org/10.3201/eid2009.140756
https://doi.org/10.1128/genomeA.01191-14
https://doi.org/10.3201/eid2204.151852
https://doi.org/10.3201/eid2204.151852
https://doi.org/10.3201/eid2112.150283
https://doi.org/10.3201/eid2112.150283
https://doi.org/10.1007/s00705-016-2983-8
https://doi.org/10.1007/s00705-016-2983-8
http://genomea.asm.org
http://genomea.asm.org/

	Accession number(s). 
	REFERENCES

